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(57) Abstract: Conventionally MFIS transistors have 
involve a problem that data written in an MFIS transistor 
disappears in terms of memory transistor operation in 
at longest one day after the data is written. The reason is 
mainly because charge is accumulated near the interface 
between a ferroelectric body and a buffer layer and 
consequently the electric polarization that the ferroelectric 
body memorizes is shielded since the leakage currents of 
the buffer layer and the ferroelectric body are large, and 
as a result the electric polarization of the ferroelectric 
body cannot control the electric conduction between 
the source and drain of the transistor. According to the 
invention, an insulating buffer layer (2) is formed of 
Hf0 2+u or Hfj.jAI^Oz+i+y. Hence the leakage currents of 
the insulating buffer layer (2) and the ferroelectric body 



(3) can be reduced to low levels, and a memory transistor having a truly adequately long data holding time is realized. 
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(0B*.tt, 4$fF*£U. 2#^) o £©$l7t© assist 
i-^t-S^®^— Mi^tfeTv MFIS(Metal-Ferroelectrics-Insulator- 
Semi conductor) h 5 t^itflX 

£©MFIShv Wtli (1) *^ffi**J«bTVN«fc» % « 

20 M£ifl^T&^-*#$§^L&V\ (2) b»f£f± h 5 V—* 

K V-f >H©«$tea!**mseW"CJ:< N il^HJ blMt©^^-* ©l*l@(±5fe 

ti^ti&w (3) r-^c^ttiu m%&fr7Mm.&mhsmmte-mmx*$>&£ 
L2pb&#s> N ^#©mfis h7>^^it 7 £ -*%m%&fr&s m<xi>i 

IftsfrXffi 1 ] 
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«$g|2002-353420-5&* ; 

S. Migita et al., Integrated Ferroelectrics Vol. 40, pp.135 -143, 



effli^t, m^-mmmm^m^m voi.j85-c no.i 

pp. 14-22 

3&M-ffc© U — £ *«6***£ ^fc tf>v ^11*^^ a» ^ r »©#^®f*$£fc:«ffir ifi 
15 Sfcv ai»«#t:7 s --^***atf.i:St:MFISC«£Eftfli*.SI?*^ 

y Jl © it Bim* # 'J* $ V^ ^ffi ©*g|5# V 7 T Jf © 15 1 SO to S £ V^ 5 IS S & 

- h nm& £ ©« fcM s *t w s h ^ > * * *r * ^^^^mf*tB^'5 :: 

^©^itHf^ : Al 2x *^-rx©^ffl^0 < x < 0.7trfeSo 



. 2001 
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i 1 _ 

m*%T%*^famm£fzte*mfcMM±i^ mutely &mm.{&m& 

^LTs W£L<1±, ^*7C^©"aW*«l x 10 19 cnf 3 fr£l x 10 22 cm" 3 ©® 
20 (CTtTdo 

^^^^^^f-s^^^m^fBm^^^xcM^^-e^-^T^ 

l:l~l:10- 7 ©S^r^X©#Hmt"fe§o 
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5 _ ! _ 

5 *mftmte&ti&, *<Dm%&frbffifoaiL%: i«© h7>^^^^ 

KTZZtlfite^o ^bTs Bfc&fflb&*. ^-^©F*3^i±, HtfS^&V^ # 

10 

BHEf©1H#&8&ill! 

15 ffe^o 

04ia«s ^2^SE^!|©^-h« J Ei: Kl/-f >««E©H«BI7?*So 
H5|21{±, ^2HSS^JfcJ:^ h7>^^fc*(t5 J* W >tttt©SI$X<fbBI 

20 t$5o 

mi omit, m2mmm<D^-hmmt^-h v-^mmtomm^^i-mx' 
mi imit, ig i ~ n 7 mmm t «k 1 . x Ai 2x o 2+x+y ©m^ x ^ ^ ^& u * ^ > h* 
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i 

b i fg 9 mmm £ «t s h 5 > * w-s h* w 

10 

15 $.0X^1, &5V<*fcfcSiC-$>GaAsT*^T*> «fc <^ ^©jg^S&EI^ V> £ £> 
% if^fcglKfcftxT S 0 I (silicon on insulator) S^£fflV^T<fcW 

7/12 LT^N^-^A^^7n^i:t-S^h^Hf0 z+u fc^VMiA7r^AJ: 

< x < 0.7T-&3 fcfSlCfc^o y©*BHJ±N fc*6»te&*i*-rj*l"e-0.2 < y < 
0.2-C&3i:f$te«fc^o g;fcs u©iI*M^»l4$*tjSt-0.2 < u < 0.2 
T*fe§ i:^fc<tV^o Hf0 2+u hHf^xAlaO^,, ©Jp^ttiC^ ^— # flMt&fc*. 
«^*gttJS©ft^©fc«>©93iP«E©«fi^ffl[*^^<"rafc«>t:N 4 nm < t < 
25 40nm©ttHfc&3i:ErfcJ:Mo 

J(fi««pty 7TJH2 ©* 5 — ^©®2btSfiB««:JK3©M3a*g!*6-rSo 
«^©ffiM*PS^-r 3 & ©Tfi&l^ SrBi 2 Ta 2 0 9 ^ 
SrBi^Ta^ Nb,) 2 0 9 . Bi 4 Ti 3 0 12 . Bi 4 _ 2 La 2 Ti 3 0 12N PbZr 1 . B Ti 8 0 3 , YMn0,#&£ o % 

»«#&©» 3d«u 7 s -^#^s s ^-r^tot»mm^@tt^©^©fe»©EPsn 
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J , t 

«EE©<6»flt*/h*<t'Sfc»fcN 20 nm < d < 600 nmCD^Hfc&S 

o 

&M&fam3<D%5-x<Dmzbizv , -hmM4*mM-t2>o v- h mm 4 it, 

mm&<D£^ttnT'&ni£hu J P?t&5te&m-Z i b, TiN^TaN© <fc o &HHbi$f"C & 
Ir0 2 ^Ru0 2 ©cfc?&iHbt!T*&fa-?:& £1^ Pt/TiN/TK Ir0 8 /Ir^©8fJi 

*«ss©3KHfc:-rs^s***So c©*gsnbfiSE«u iim65o°c~95o°cT-$)^o 

i0SgW*^ItttfJ;<, ifi»«tt4)«fc^o *SSfljxS©NflHI 
B\ J»Sffi9t:{±l«fBB7?*So >>Un>«f ©V— KW 
Sfca&fcttx ^W$l©?§'l£Yb©fc4M£< T*1050 , CaA©JgKr|ffl (*SWfc:l±30 

*£#£it^T y-*«$fc#$fc;h,fc«, C©*fli©»»©HfO ll ,*«VM±Hf l ^Al 2s O ilsrtJ 
TJtts ±BOT«#«llft©*xST;*±|B^||«iStt^©||fcxfi^*i(ft|»#y^ 

08«^iy7 7l2 0Sffilij:, ^a<bbfc^tvf3lt«S5bT¥S-??^-So 7^;i/ 
77^©^i®ii^9 7712 ©56®*> 6 3 ©&*$«©&» 

©««***•*•*«< % &m<MR3©ttS»tf/.h3^ ^Mfi-f^fc&Ds H» 
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tf^mt; truss tmm®.tnmz&bmw<bB&mgTo ci©^*^^ 

3(DV~?mm.&J:% <te%o Z-CD&^lzMO^ ^SWiHi^Al^O^ T~mBifc 
^y7Tm2&M}&tZ>t. ii^^7 7l2 £3i*ii«#:M3©M;£©y — ^ 

^^^^3ES^"So Hf 1 . x Al 2x 0 2+x+y MIlSCMbt?^;!/?^^^!^! 

SS^^Hf0 2+u ck?3^e»fc^S-S©T^ if£li{bS^©l55^i^fl|f££5£S§m 
# 3 £3 V a £ t # lc ^ £ J; V > o 

Mmm-&¥&m®'Z$> D N fb^/«ST-y:M0CVD(metal organic 
15 chemical vapor deposition) 3^ M0D(metal organic decomposition: ^WizkMfr 

3 * «t b li@ 4 JgfiJiSS <fe s »JK©3^fi8&7? fcftfcf^T * «fc < 

MWSWBfifcftSTN ^Vi/^l^-if«^, x^9r*y>^$£ % MMteteZtf^ 
*8n?ifc»K fti^fiJiSiSJ± N MOCVD^ MODS, ^;i/^;M£&^#&5 0 
20 *«#2&K1 fcb-tSi&MV^ lAIK^^v 7712 fc3i^m#JBI3© 

jf$^s ^ b t ;t ;v * i/ — tf * m v > ft mm^ m com * & * 
i . sm^wm 

25 M^mmmm<Dmmmm*VT<b&\,^ 

2 . «fi«Mpt y7TM2 <Dffi-f& 

fc»fc7&fi!&+Si©ffi&i±4£fi (M~5 5 0°C) 0^fbtj3<« Jg 

* 7 r m 2 7 = f a i: ^ - f? a &jftj$7G$ *• % mtm-z & &m 
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i ! 

^-y^fij*^ Hf t . x Al 2x 0 2+xt y tt5o fcS^Bu Hf0 2+U £A1 2 0 3 £/B^ 

-yy h*SESfcl3Q:^U**ISI-j*o|RI6** % MSfc <fc D Hf^Al^O^S^ 
fiJS-TS £5£UT& <fcl^ Hf0 2+u ^Al 2 0 3 ^3^Sfc±f«t-S # s HfO^&flBfcit 

^-^fMBrtttN Hf0 2+u tlTSo i<t^y7 7l2i±, »<fb 

JfcBu N:0= l:l~l:10" 7 -efeS o S;fc N Hf ^Al^O^, £Hf0 24u ©# —>f y h Sffctf 

15 N:0= 1:10- 5 ~1:10- 7 -£&&#s MmiSXOmmtfX ^M~T 3 ^;Ht}±^*ick D ^ 

3o S*7G3R©M*fcJ:l x 10 19 cm" 3 *^l x 10 22 cm- 3 ©^Hfc-rs©#cfc^o 
20 -?©ISBi±5 x 10 19 cm- 3 ti>t>5 x 10 21 cm 3 £-t% © «k V^ c 

3. 9femttK3©7gflK 

^©fci&©K^««t:^#f*:SiRl-T?*SSi**V^T«S*»5>Si*a-ri fcfe< 
25 s tt^-)>7 7l2 t^m^im3©M^ri^^«fcttSM#te*)^4%S© 

4. y-hmfii©^ 
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5 . mm&iM •. 

( i ) ±fBxn 3 0iiM*oiiio .( 2 ) x@ 3 (Dmm^mm^nmm^ 

5 ©fc®©»S^ft^©^Mo (3) M3©^jmJF^^X@4©Bufc^-- 

(4) lg4©tfc7--JHp-eofftl„ 
^«M3 ^SrBiJ^Tr^S^^ 3£IMb0fc&©iMMjgfc}:6 5 0- 
9 0 0°CZ$)2> o 

d©^^b©fc»©^Sx^fc*5VNTs is U n >S*£©SlffiJ.:f±^##y& 
10 £1\Z,ZLtlz& ^ S^i:iffg^^N*y 7rJli:©#S. &3VM±. ^Kt^fbM 

mrngtiztc®, ^un>^-fb^©^** s ffli$ij^tt§o tom, liitissi 

15 [I1WJ] 
^z»#:^£ 1 : Si 

IfcMforty ? ?B 2 : Hfi^Al^Oa^ , x=0.25 N y=0^ JP£10nm 
3£^S^JK3 : SrBi 2 Ta20 9 . /p£400nm 
20 ^-hli4 :Pt, JP£200nnu ^-hS (V-*^fr£> h* W >^fc:|q]/&> 
^T©S£) lO^m 

V-^^S^V h* W >$I^6©^*©SU : nM 

•MM*'*!? 7 7jf2-C2fe^Hf 1 . x Al Zj[ 0 2+x47 (x=0.25, y=0)fcfc % If if 

25 fST'Mtfe, ffl^fel/-if{±KrF^^^ v-lx— tfT^So 1/— If a:*;^ 
-(is l/Vb^^fe D 250mJ, ^Vl/X©,^D3gbM^2Hz, tf^^^270#Tfe 
So S^M200°CT-$)So #A#*&, M^i:^©rl-^A*^-e$> ^©^e 
;i/J±J±s N:0=l:10- 6 T$>So Z. ©agtArtfX iz £ S mm&<DEE ± fci\ O.lTorr ( 
13.33Pa) "?r^)So ^ilftl 3 f-&SrBi 2 Ta 2 0 9 & 1^1 b < /I** 

9 
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T*&So a*A#;U±s ^m^2fe^>o <r©*A#*££3*g;»^©,E7Ji±. 
O.lTorr (13.33Pa) T^5o h*i4 LTPt&m? A^Jf b 
5 fco 4*- h«fiS^fig^SpBi 2 Ta l 0 9 *3jea'fb$-frSfc«> N A^Mfjt^SOO'CT- 1 Bf 

10 h«JE*6V*6-6V^aSlfefl«Jfc*'fti**N ^©^-6V 2>£>6V^{b£-fr£: 0 Kb 
-f>«^{±. Sfifl«<*:^#©ttKt:«fcoTlSI2SI©J:-5fcaE'fbl : /fco V— ME 

*£*i3<k3fciBttbfc*&#ffi©|q|§K:j5&DT F7>^^li, 

15 liOt>ttli:t7W*^giFlteUfc^I^ i3K$5o -©n 

1 : Si 

20 |fi»ft:;^7 7l2 : Hf 0 2+u „ u=0, J5£10nm 
SfflMttiBtS : SrBi 2 Ta 2 0^ Jp£400nm 

^-Mi4 :Pt, JS£200nm s tf-hM ( V— K W >^fc[^|2> 
o"C©S^) lO/zm 

V-^««5av KU-f >^6©^«©M : nM 
25 fi«7 0fl(D9:pi 

ite«fl:^v7Tjg2T**Hf0 lln (u=0)fcfc N /"Wl/* U — ifJftSfffiT?^ b feo 

fct)250nJ N ;■<;],*©« Djgbffl$ftft2H8 N *S*«fBB270«>Tf*a„ 2£*RM&200"C 
-e<fc3o #A#*&s ^O^l/ttl^ N:0=l:10" 6 . 

10 
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1 ' " | 

-£&&o ^(DmXi3X\z£2>mm^.<Dm±\±^ O.lTorr (13.33Pa) X'&iol&B 

^(Dm^&^MmmEzs mm^mu^-n^^o mmumm°c-?:$>&o mxxx 

5 ttiit$5o C©#A^^{- £2>mmg.£>J£j]l±, O.lTorr (13.33Pa) 

SrBi 2 Ta 2 0 9 £^il-fb£-&Sfc#K *M,E^fSi4'800°Cf;::fc^T mPMUL 

10 mffi£ 8Vfr£-8V^M^lft«i'b£-£\ ^©^-8V fr£> 8VAtft?ffc« H 

J; o MBit b «m#H© Ir! ^ J6 b T h 5 > y X # \±* k a|- 7 tt* © 2 
M4t5-t#-C^5o £©2;ftfc:$'— h«£E&@5£U Kl/-f>lgE0t> 

15 vtmb*7ttm&&*&mmwfeLiti&m&, mswx&Zo £©m*>£>#^3 

^'2ig7?^>ttJKi:IBbfc^*^tP0<V 6 <3V©ttH©ffl«Bfcah7«JIRi;gab 

20 ^^©^^'JitOloo^^So 'J^1-^3kaS:^Si5©ij'I#/.h£ < 

£^-*&*&&irfc»©y-h«JE#:*:£<&So ^2EI 
7fl±y- Mff§±6V^#t-fe. II 1 bT. £©y-h@JE©^ 

o 

7 7m£&Mn&m<Dmm&<DV-?mmizi®?Mir%o v B ^±wr\ 5xio- io A/cm 2 

WT©Io"C&!K ^^l ! F^m2©20^-^^9 0 (b) fcjjsSftSEIfcmEEfcH 
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s 

T © 1 xl 0- 8 A/cm 2 & T t It m b X \ \ U - ^ ffiSK # #P U £ tl T V % £ o 

^g©»m£II]£fc0i«ifc£*T^fco h*^fc+8V©«flE*500nsOP^0x.1- 

5 8 0T-ifeS o mfr£#3<fc5 £10 12 ®©liDigL (ti#B#$l;L£:bTJ±2xl0 12 |I] 

{3, 500ns©^;i/^ffl©WJnfc^bT*>d-»Kffi© K W >m«£fcfc:*-7tM8© h* 

H 1 ^JlS«>l©tt3fst©7c*iSifia*=*^ * >lt^fcJ: D bfeo ^'Jn 
feS'U 3 > N lfi»#;ty77i^ &»«#j&©MfciiDii!lu «■* 

m*ifi$>2>z£*mmLrco ^©«fcfc2xio 2l cm- 3 -e&^fc 0 ^izm^x^tc^o^ 

fcS&ot^S U Siii«6jfttt:ns/7rJB©#Bi^©ffiRWi6Ybji©^fia*iqi 

^ffl^bfco «©HK|gjR«MI 1 0g|lc^1- o £©*«0!llc;fev>T^ ^IMSffcfc 
it*2©2O^-^M§9 0 (b) fc^3;h,£#Jfc]fc«bTU-*««#/h<*<&o"t 

MS 2 jWfi«©K«*-*-f t>II^tSt £ D MLfco #$&»&&©£ 1 
25 HJfifllfcUfc'C&S. *©|g«»#/ty7r«fctt»ipifci:bTA3lSJK^*«* 

sifc^fltBbfco ^©*«2xio 2o cm- 3 -e$>ofco mimmmtmmizzti&v 

12 
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\ \ _ _ 

^r^^mimmm^wu^tco m3nmwmzx=o.Q5, ig4^a#iT-i±x=o.i2 

, ^5^^JT"{*x=0.48, ^6^J£^)T*{±x=0.68^ M 7 «0!IT-f±x=O.85 i: htz 

5 fcf^bfco y- hmjE*«§lb-C KW >m^£$J:£U MFISh^>^;*#© 
^U"W>Ke7"li£«!l£bfco ^gl^-hmffi(*±6Vii^*i^-Ufeo 851 
HSS^Ji:^2^»J*)-^to-frT^©^*0 1 lUfc^-To ^©gfc^fciu 
^©S-ttM^lT^^o Eicf3©R}*##^JS^UtV^^.o x#0fc^b^d>0<£ 

v 0 =o.95v©^^^^> ^->ra© h*w ^m^mmomwii ititifco 

>KH£«1^ #7JR»©l*W>*«fc*l$H©H»fcbTffl;£Lfco ^tie>©^ 

15 imsmMM'] 

smnm*ftm\stc 0 -r^to*»-©^m^i-r-}±#x^^©N:o=i:o.o53i:bfeo 

V- l>*JE£#3lbT b* W >m^£$J^U MFISb^>^**©^U <W > 

h'^ifri^sy^bfeo hmff{i±5vt^{4 i ^^-bfco ^i^^i©^m 
20 4,^-tJ-Bri:^©^*^ 1 3mfcm?o m*<DWLm±, nnmom^MBXsX 

m^tzMntmzits mT©®Dtr&3o 

1 : Si 

25 H&Mi&^y7yM2 : Hf^Al^O^x* ^ x=0.25. y=0, Jp^lOnm 
3£I§*#^3 : StM^O^ JP£400nm 

Jf-hmm4 : Pt N jP^180nm, 7— bS ( V — ^mMif £> b* 1/ 
10^m 

13 
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o *6»<*:^y7r»2tf*SHf lra Al te 0 1 » JHy (x=0.25 N y=0){£, ifii 

10 3„ 3MRfil£200'CT?fc*o fcfc % li^T'feSo iO*X^C«t« 

*t»g©ffi2r&x O.lTorr (13.33Pa) f & 3 . ^mnfam 3 fc^B ^ T Z> 

, i£^f$i^27?}T-&3o 3feKfflft400°CT?»So ^A#*&. KiT*^5o -© 
15 HA^^K<kSiiiOffi*li> O.lTorr (13.33Pa) tfe^o ^-Mi4tL 
TPt&*^K-A&«$£T?fl£J3lSb&o h«*g?B^SrBi,Ta z 0,*Ji!gJ|fl5^-& 

mV B ^0.2VfcMb^->^^*^DV B =0.2V©^^t«-fe, 

^£B§l?§©Pifc£: bTi'J^b/feo h«ffiV G =-8V*Sn^.fc^V G ^0.2V 
£JIU;t:7TOMDV G =0.2V©«S£&^ ^^H© b* W >m^£B$f!S© 

55 [flOilfJ] 

^WS^ 1 : Si 

BBfa^y7ym2 : Hf 1 . x Al 2x 0 2+x+y , x=0.25, y=0, JP£10nm 
^il#I3 : SrBi 2 Ta20 9N JP£400nm 

14 
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\ \ 

5 /i;i/^i/-if±f^©^-yy hut Lxnfo 2 £ki z o 2 *®i*temmLs mni& 

:7rJf 2^&£Hf 1 .,Al at (W, (x=0.25 s y=0)4^^^ I/— !f Jt*«n?JBj* 
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